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EXECUTIVE SUMMARY

This section summarizes the Phase IA Report on the RCRA Facility Investigation
(RFI) for the CIBA-GEIGY facility at Cranston, Rhode Island.

OVERVIEW

Phase IA of the RFI was conducted primarily in July and August 1990 and involved

four studies:

.0 a geophysical investigation;
0 a geological investigation;
o a hydrogeological investigation; and
o a hydrological investigation.

Goals of Phase TA

Overall, the Phase IA studies were conducted:

0 to evaluate contaminant migration pathways at and near the facility;
"o to characterize ground water conditions at the facility;
0 to characterize the geology, including the subsurface features and obstructions,

at the facility; and
o to characterize the Pawtuxet River and its potential for transporting

site-related contamination.

All these goals serve to fine-tune the Release Characterization Program -- Phase IB of the

RCRA Facility Investigation -- and are elaborated in Section 1.3 of the Report.

CG-EXSUM | 1



Impact of Phase 1A

As a result of the findings from the four Phase IA investigations:

) no major changes to the RFI Work Plan will be required; and
o no work will be deleted from the Work Plan; but
.0 some additional work will be required to characterize the site stratigraphy and

ground water hydraulics further.
Data Collected But Not Used in this Report
Some supplementary physicochemical data collection occurred during Phase IA as

an adjunct to the investigations. These supplementary data collected in Phase 1A will be

carried forward and compared with data collected in Phase IB. These supplementary data

include:
0 headspace analysis (field screening) of soil samples;
0 cation exchange capacity, total organic carbon, and Ph of soil and sediment
samples; and
0 collection of undisturbed samples for hydraulic conductivity, bulk density,

porosity, and grain size.

Even though not specifically part of the Physical Characterization, the results of the

headspace analysis suggested the following minor change in the Phase IB Work Plan:

0 Soil samples from a new boring near P-21D will be analyzed for Appendix IX
volatile organic compounds in order to investigate further the anomalous

headspace results detected in samples from P-21D.

This change to the Work Plan is discussed in Section 1 of this Report.

CG-EXSUM : 2
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Limitations of the Phase IA Geotechnical Data

As part of the Phase IA investigation, soil and riverbed sediment samples were
obtained and submitted for geotechnical analyses (e.g., grain size, porosity, bulk density, and
hydraulic conductivity). Although the geotechnical data from those analyses are reported
in this document, somelof the samples were not énalyzed according to the procedures

described in the project QA/QC Plan. Specific nonconformances included:

0 validation (through reasonableness) of results not performed by the
laboratory; '

0 grain size analyses not performed according to the ASTM sieves procedures
specified in the QA/QC Plan; and,

o selected undisturbed soil samples were re-molded prior to analysis.

Because of these departures from the approved QA/QC procedures, some of the
geotechnical data is suspect. These suspect data created data gaps in the Phase IA
investigation; these data gaps will be resolved in Phase IB. Corrective actions have been

established to correct these deficiencies in future sampling.
Organization of this Executive Summary

The rest of this executive summary provides additional details supporting these

conclusions, organized around the geophysical, geological, hydrogeological, and hydrological

- investigations conducted in Phase IA. Each investigation is described briefly by addressing

these topics:

0 the purposes of the investigation;
o the results of the investigation; and

0 the impact of the investigation on the Phase IB Work Plan (if any).

CG-EXSUM 3



Sections of the Report that provide details on each topic are referenced throughout this

summary.

THE GEOPHYSICAL INVESTIGATION

The geophysical investigation entailed three surveys -- a seismic refraction survey, an

electrical resistivity survey, and a ground-penetrating radar survey.
Purposes of the Geophysical Investigation

Both the seismic refraction survey and the electrical resistivity survey were

performed:
o to evaluate the depth to bedrock;
o to evaluate the depth to the saturated zone;
0 to evaluate depths and thicknesses of the stratigraphic units within the
overburden; and
o to corroborate data collected from the drilling program in the geological

investigation.
The ground-penetrating radar survey was performed:

0 to locate and map shallow ‘subsurface features (e.g., foundations, utilities,

- e ma ;
! N

trenches) at the facility that could affect ground water flow and/or
contaminant migration; and

o to evaluate shallow unconsolidated deposits at the facility.

The methods and analyses used in performing the three surveys in the geophysical

investigation are described in detail in Section 2.3 of the Report.

CG-EXSUM 4
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Results of the Geophysical Investigation

The geophysical investigation provided the following information:

The depth to bedrock beneath the facility averages 50 to 60 feet.

The average depths to bedrock in the three study areas of the facility were as
follows:

-- Production Area: 50 to 60 feet below land surface;

-- Waste Water Treatment Area: 45 to 60 feet below land surface; and

-- Warwick Area: 60 feet below land surface.

A dense till of varying thickness overlies the bedrock.

The average thicknesses of till in the three study areas of the facility were as
follows:

-- Production Area: 10 to 15 feet;

-- Waste Water Treatment Area: 10 to 30 feet; and

-- Warwick Area: 20 to 30 feet.

The overburden deposits -- consisting of fine silts, sands, clays, and some
gravels -- were characterized by gradational facies changes both horizontally
and vertically. _

The ground-penetrating radar survey did not locate any significant subsurface
features at the site that could affect ground water flow and/or contaminant
migration.

The electrical resistivity survey was more effective than the seismic refraction
survey in discriminating bedrock, till, and individual units of the overburden

deposits.

The results obtained from the geophysical investigation are described in Section 2.4

and discussed in Section 2.5 of this Report.

CG-EXSUM



THE GEOLOGICAL INVESTIGATION

The geological investigation entailed three activities -- a literature review, field

mapping of bedrock exposures, and an on-site geological characterization.
Purposes of the Geological Investigation

Both the literature review and the field mapping of bedrock exposures were
conducted to characterize the geological environment of the region, the locale, and the
facility itself. The on-site geological characterization program included drilling and sampling
subsurface sediments and bedrock. Data from the drilling program were used to evaluate
the overburden stratigraphy and rock lithologies. Bedrock cores were evaluated and
correlated with off-site exposures; sediment samples were tested for physical properties that
could affect contaminant migration, and also were field-screened for volatile organic

compounds.

The methods and analyses used in performing the three tasks in the geological

investigation are described in detail in Section 3.3 of the Report.
Results of the Geological Investigation
The geological investigation provided the following information:

o Bedrock beneath the facility consists of partially metamorphosed sandstones

and shales, consistent with lithologies observed in of the Rhode Island

Formation.
o - Till was encountered (overlying bedrock) in several borings.
o The variable nature of the overburden deposits is consistent with a

glaciofluvial and/or fluvial deposition.

CG-EXSUM 6
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The overburden deposits are more complex than had been anticipated based
on both preliminary results and previous data. | Individual sediment units
appear to be discontinuous both vertically and horizontally.

High correlations were found between data from borings and data from the
electrical resistivity survey.

The till and bedrock have similar seismic velocities and could not be
distinguished by the seismic refraction éurvey. Higher-density deposits overlie
lower-density deposits in some areas, so the seismic refraction method is less
effective in differentiating the overburden, till, and bedrock. |

The site geology is much more complex than had been anticipated, and the

geological conceptual model of the site is not yet fully developed.

The results obtained from the geological investigation are described in Section 3.4

and discussed in Section 3.5 of this Report.

Impact of the Geological Investigation

The results of the geological investigation revealed data gaps that require additional

work (not included in the RFI Work Plan), and also suggested one change to the Phase IB
Work Plan. No work will be deleted from the Work Plan. '

The geological investigation revealed the following data gaps which must be

addressed by

CG-EXSUM

additional work:

The facility's overburden stratigraphy must be defined better. To do so,

three additional continuous sample borings will be advanced to the top of
rock. One boring will be located in the northwest corner of the Waste Water
Treatment Area; the other borings will be located in the western section of
the Warwick Area.



(o} The overburden hydrostratigraphic conditions at the facility must be defined

better. To do so, two additional continuous sample borings will be advanced
off-site -- one north and the other west of the Waste Water Treatment Area.
Both borings will be advanced to the top of rock.

0o The grain size distribution of soil samples must be differentiated better. To

do so, every second soil sample from borings advanced in Phase IB will be
analyzed for grain size to differentiate between fine-grained (silts) and very
fine-grained (clay) materials.

o Soil samples must be classified better. To do so, all soil samples submitted
for geotechnical analysis in Phase IB also will be tested for Atterberg limits

and moisture content.
These recommendations for additional work are described in Section 6.4 of this Report.
THE HYDROGEOLOGICAL INVESTIGATION

The hydrogeological investigation entailed three activities -- installing bedrock
monitoring wells and overburden piezometers, monitoring ground water levels, and slug
testing new wells and piezometers.

Purposes of the Hydrogeological Investigation

Installing bedrock monitoring wells and overburden piezometers was performed:

o to characterize the aquifer zones;
o to determine ground water flow directions and gradients; and
o to identify aquifer types and boundaries.

Ground water level monitoring was performed to evaluate variations in ground water

elevation. Slug testing new wells and piezometers was performed to evaluate the hydraulic

CG-EXSUM 8
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conductivities of the stratigraphic units. Data from the hydrogeological investigation will be

used to select monitoring well 1dcations for the Release. Characterization Program (i.e.,
Phase IB).

The methods and analyses used in performing the three tasks in the hydrogeological

investigation are described in detail in Section 4.3 of the Report.
Results of the Hydrogeological Investigation
The hydrogeological investigation provided the following information:

o The bedrock aquifer appears to be confined, but the direction of ground water
flow could not be determined.

0 There are significant upward potential gradients within the overburden.

0 The apparent horizontal potential gradients were determined as follows:
-- bedrock aquifer: 10.003 to 0.00s;
-- deep overburden aquifer: 0.02 to 0.1; and

-- shallow overburden aquifer: 0.013 to 0.1.

The results obtained from the hydrogeological investigation are described in

Section 4.4 and discussed in Section 4.5 of this Report.
Impact of the Hydrogeological Investigation

The hydrogeological investigation revealed data gaps that require additional work
(not included in the RFI Work Plan) and also suggested changes to the Phase IB Work
Plan. No work will be deleted from the Work Plan.

The hydrogeological investigation revealed the follo;aving data gaps which must be

addressed by additional work:

CG-EXSUM 9



o The ground water flow patterns, hydraulic gradients, and formation

permeabilities of the underlying strata must be characterized better. To do
so, new stratigraphic borings (off-site) will be completed as deep piezometers.

Shallow monitoring wells will also be instalied to evaluate background water

quality at these locations. On-site stratigraphic 'borings will also be completed

as deep piezometers. A shallow piezometer will also be installed to establish

a nested piezometer pair at one boring location.

o The site hydraulics must be evaluated better. To do so, the following tasks

will be performed:

In Phase IB, all existing monitoring wells and piezometers will be
rehabilitated, as appropriate.

Water level measurements will be taken monthly, not quarterly.
Long-term automatic ground water level data logging will be performed in
a few selected wells in the Production Area.

Small scale (i.e., short-duration, low rate) step drawdown tests will be
performed in the Production Area. |

Short-term constant rate pump tests will be performed on selected wells
in the Production Area. The rate and duration for the tests will be

determined based on the results of the step drawdown tests.

These recommendations for additional work are described in Section 6.4 of this Report.

The results of the hydrogeological investigation also suggested changes in the Phase

- IB Work Plan:

0 Minor locational changes will be made for monitoring wells intended to be

downgradient of specific releases, based on our current (9/13/90) water table

contour map.

CG-EXSUM
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o Changes will be made to screen settings based on our understanding of the

complex stratigraphy at the site and on the boring data now available.
These changes to the work plan are discussed in Section 6.3 of this Report.
THE HYDROLOGICAL INVESTIGATION
The hydrological investigation entailed five activities -- a literature review, a
bathymetric survey, water discharge monitoring, sediment discharge monitoring, and riverbed
sediment sampling and analysis.

Purposes of the Hydrological Investigation

The literature review was performed to provide background information concerning

the Pawtuxet River and to evaluate the surface water bodies potentially affected by past

_ facility releases. The bathymetric survey was conducted to evaluate potential riverbed

sediment depositional areas. Water discharge monitoring was performed to determine if
ground water discharge from the facility is quantifiable. Sediment discharge monitoring was
performed to evaluate the transport of suspended sediment. Riverbed sediment sampling
and analysis were performed to measure physicochemical parameters that affect bedload

transport.

The methods and analyses used in performing the five tasks in the hydrological

investigation are described in detail in Section 5.3 of the Report.

CG-EXSUM 11



Results of the Hydrological Investigation

The hydrological investigation provided the follov?ing information:

(4]

Discharge values calculated from the three discharge monitoring events fall
within the 30th through 70th percentiles range of the discharge frequency
statistic reported for the USGS gauge at Cranston, Rhode Island.

Working rating curves were developed for the transects at the site.
Relatively low concentrations of suspended sediment were detected at both
transects under all three observed flow conditions.

Bed sediment is primarily sands and gravéls, except along the bulkhead where
the samples were finer-grained.

No bedforms having amplitudes greater than six inches were observed.

The Froude number calculated for the maximum flow rate observed indicates

that the observed river conditions are within the lower flow regime.

Therefore, bedload sediment transport rates appear to be low under the

conditions observed. The monitoring events did not include flood conditions.

The results obtained from the hydrological investigation are described in Section 5.4

and discussed in Section 5.5 of the Report.

CG-EXSUM
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SECTION 1
INTRODUCTION

11 OVERVIEW

This report summarizes information pertaining to Phase IA of the RCRA Facility
Investigation for the CIBA-GEIGY facility in Cranston, Rhode Island. = This section
describes the history of the project and facility (Section 1.2), the goals of Phase IA (Section
1.3), mobilization for Phase IA (Section 1.4), and the organization of the rest of this report

(Section 1.5). A summary concludes this section.
1.2 HISTORY

The history of this project and of the CIBA-GEIGY facility at Cranston, Rhode

'Island, are described here.

1.2.1 History of the Project

A draft Administrative Order on Consent (hereafter simply called the Order)
requiring a RCRA Corrective Action Study at the Cranston facility was issued to CIBA-

GEIGY on 30 September 1988. After negotiations and evaluation of public comments, the
Order was signed by CIBA-GEIGY on 9 June 1989 and became effective on 16 June 1989.

The RCRA Corrective Action Process has four stages:
1) RCRA Facility Assessment;

2) RCRA Facility Investigation;

3) Corrective Measures Study Proposal; and

4) Corrective Measures Study Report.
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USEPA conducted the RCRA Facility Assessment (hereafter simply called the
Facility Assessment) of the site in 1987. The Facility Assessment included a review of
background data, a site reconnéissance, and a sampling visit. Data were evaluated to make
initial determinations on past facility releases. The results of the Facility Assessment appear
in the "Final RFA Report, CIBA-GEIGY, RCRA Facility Assessment" (1988).

In 1988, additional studies were conducted by CIBA-GEIGY. A Preliminary
Investigation of the facility was performed both to provide initial data on the facility's
physical environment and to characterize selected past facility releases. The Preliminary
Investigation was not required by the Order; rather, it was performed to provide the data
needed to negotiate a comprehensive and site-specific Order. The resuits of the Preliminary
Investigation are summarized in the Current Assessment Summary Report of the RCRA
Facility Investigation Pro;;osal (Volume 1, Chapter 1).

The RCRA Facility Investigation (hereafter, the Facility Investigation) is the second
stage of the RCRA Corrective Action Process. The Facility Investigation characterizes the
impact of known and/or suspected releases that were determined to require further action
by the Facility Assessment. The Facility Investigation has two field investigation phases
(Phase I and Phase II).

Phase I will be performed in two parts -- Phase IA and Phase IB. This approach
provides an interim deliverable (the Phase IA Report). The Phase IA Report is not
required by the Order. This phased approach, proposed by CIBA-GEIGY, provides for
additional USEPA guidance throughout the process. In Phase IA, studies were conducted
to characterize the facility's physical environment more completely. The results of these
studies, along with modifications to the sampling strategies proposed for the Phase IB
investigation, are the subject of this document. The Phase IB investigation will begin after

USEPA reviews and approves this Phase IA Report.
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Phase II of the Facility Investigation entails additional site characterization tasks and
additional sampling of all media- of concern. Media Protection Standards also will be

proposed.

The third and fourth stages of the Corrective Action Process are the Corrective
Measures Study (CMS) Proposal and the Corrective Measures Study (CMS) Report.
Corrective measures to be evaluated for achieving the Media Protection Standards, and the
justification for their selection, will be presented in the CMS Proposal. An assessment of
the corrective measures proposed to meet the Media Protection Standards will be presented
in the CMS Report.

1.2.2 History of the Facility

Chemical manufacturing occurred at the facility from 1930 to 1986. Until 1954, the
Alrose Chemical Company occupied part of the present plant site. In 1954, the GEIGY
Chemical Company of New York purchased the facility from the Alrose Chemical Company
to operate as its new chemical manufacturing plant. In 1970, the GEIGY Chemical
Company merged with Ciba Corporation of New Jersey to form the CIBA-GEIGY
Corporation (incorporated in the State of New York). After the merger, the Cranston plant

was used as a production facility for manufacturing organic chemicals on a batch basis.

Major product categories (and the decades in which they were produced) included:

1950s - agricultural products, and leather and textile auxiliaries

1960s - plastics additives, optical brighteners, pharmaceuticals, and textile auxiliaries

1970s - pharmaceuticals, agricultural products, plastics additives, textile auxiliaries,
and bacteriostats

1980s - pharmaceuticals and plastics additives

In January 1984, CIBA-GEIGY announced plans for a gradual phase-out of the
Cranston plant as part of an overall consolidation of CIBA-GEIGY's chemical
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manufacturing operations. As of May 1986, CIBA-GEIGY had ceased all chemical

manufacturing operations at the facility and began decommissioning and razing the plant.

1.2.3 Solid Waste Management Units (SWMUs), Areas of Concern (AOGCs), and
Additional Areas of Investigation (AAOIs) '

Based on information submitted by CIBA-GEIGY to the USEPA and on information
gathered by the USEPA (including the Facility Assessment), twelve SWMUs and two AOCs
have been identified at the facility. Information about these SWMUs and AOCs is
summarized in Table 1-1. The locations of the SWMUSs and AOCs, and the media to be

investigated for each, are shown on Figure 1-1.

CIBA-GEIGY has identified two Additional Areas of Investigation (AAOIs) for
completeness of study. No releases from those AAOIs are known, but the potential for a
release may have existed in the past. The Additional Areas of Investigation have been
designated AAOI-15 (the Laboratory Building Waste Water Sump) and AAOI-16 (the
Maintenance Department Cleaning Area). Information on the AAOIs also is summarized

in Table 1-1 and shown on Figure 1-1.

Details on the history of the project and the facility, and on past known and
suspected facility releases, are provided in the Current Assessment Summary Report of the
RCRA Facility Investigation Proposal (Volume 1, Chapter 1).

13 GOALS OF PHASE 1A

The Preliminary Investigation of the Cranston facility was conducted by CIBA-
GEIGY to develop an initial physical model of the site. Review and evaluation of the
information from the Preliminary Investigation revealed data gaps. In Phase 1A, additional
studies were conducted to supplement existing data about the site and to provide a betfer

understanding of the facility's physical environment. Some supplementary physicochemical
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data were collected in Phase IA but were not used in this report. These data will be carried
forward and compared to data collected in Phase IB.

Phase IA included four investigations -- geophysical, geological, hydrogeological, and
hydrological. Evaluating the results of the Phase IA investigations permitted refining the
sampling strategies proposed for the Release Characterization Study (Phase IB). The

objectives for the Phase IA investigations are described here.

Geophysical Investigation. Three geophysical surveys were performed to
characterize the subsurface conditions at the site. Two of the surveys -- a seismic refraction
and an electrical resistivity survey -- were performed to evaluate the depth of bedrock, the
depth of the saturated zone, and the depths and thicknesses of the stratigraphic units within
the overburden. Data from these two surveys also were compared with information
collected from the drilling program (part of the Geological Investigation). A ground-
penetrating radar (GPR) survey also was performed at the facility to locate shallow
subsurface features that could affect ground water flow or contaminant migration. Data
collected in the GPR survey were used to locate and map the site's subsurface features (e.g.,
foundations, utilities, and trenches) and to evaluate the facility's shallow unconsolidated

deposits.

Geological Investigation. Three activities were performed to characterize the

regional, local, and facility geological environments. Two activities -- a literature review and
field mapping of bedrock exposures -- were conducted to characterize the regional and local
geomorphology, surficial geology, bedrock lithology, and bedrock structure. Data from these
two activities were used both to develop a model of the area and to assess the facility-
specific geological characteristics. The third activity -- on-site geological characterization -
- included drilling and sampling subsurface soils and bedrock. The data from this activity
were used to evaluate the overburden stratigraphy and rock lithologies. Bedrock cores wc-re

evaluated and correlated with off-site exposures. Soil samples were tested in the laboratory
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for physical properties that could affect contaminant mobility, and also were screened in the

field for volatile organic compounds.

Hydrogeological Investigation.  Three activities were performed to evaluate the
facility's hydrogeological conditions. First, bedrock monitoring wells and overburden
piezometers were installed to characterize the bedrock and water table aquifers, to
determine ground water flow directions and gradients, and to identify aquifer types and
boundaries. Second, water levels were monitored to evaluate variations in ground water
flow. Third, new wells and piezometers were slug tested to evaluate the hydraulic
conductivities of the stratigraphic units. Data from all three activities were used to select

monitoring well locations for the Release Characterization Study (Phase IB).

Hydrological Investigation. Five activities were performed to evaluate the physical

environment of the Pawtuxet River. First, a map study review was conducted to identify the
surface water bodies potentially affected by past facility releases. Second, a bathymetric
survey was performed to evaluate riverbed cross-sections and possibly sediment depositional
areas. Third, water discharge monitoring was performed to determine if ground water
discharge from the facility is quantifiable. Fourth, sediment discharge monitoring was
performed to evaluate suspended sediment transport. Fifth, riverbed sediments were

sampled and analyzed for physicochemical parameters.
14  PHASE JA MOBILIZATION

This section describes the mobilization activities that were performed before
beginning the Phase IA field investigations. In general, subcontractors were hired, the site
was staged to accommodate the investigation, and the scope of work was established. The

specific mobilization activities were as follows:

o A field office was established at the Cranston facility. Contractors were hired,

permits were obtained, and part of the existing warehouse was refurbished as
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a field office. The necessary utilities (e.g., electrical, water, telephone) also
were installed. , )

o A drilling contractor was selected and schc‘élzt'l:]};d. The scope of work was
determined, well materials were obtaineci, and subsurface utilities were
located.

o The scope of analytical work was established with the laboratory. Bottle sets
were ordered and lab time was scheduled. .

.0 Health and safety training was scheduled and conducted for the GPR
contractor, CIBA-GEIGY employees, and field support contractors.

0 The site was gridded for the GPR survey. A 10-by-10 foot grid was
established in the Production Area; a 20-by-20 foot grid was established in the
Waste Water Treatment and Warwick areas.

o A blasting contractor was hired to detonate charges for the seismic refraction
survey.  Blasting permits were obtained from the cities of Cranston and
Warwick.

o Decontamination pads were designed and built in each of the three study
areas. Three two-thousand gallon storage tanks were ordered, built, and
installed at each of the decontamination pads. These tanks will be used to
store drilling fluids, decontamination water, purge water, and development
water temporarily until disposal options have been selected.

0 River transects were established on the banks of the Pawtuxet River for both

the bathymetric survey and the water discharge monitoring events.

0 The contractors for the river investigation were selected and scheduled.
0 Finally, the scope of work for the Phase IA investigation was finalized with
USEPA.

1.5 ORGANIZATION OF THIS REPORT

The next four sections of this report describe the geophysical investigation (Section

2), the geological investigation (Section 3), the hydrogeological investigation (Section 4), and
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the hydrological investigation (Section 5). The objectives, methods and analyses, and results
obtained are presented for each investigation, along with a discussion of the results.
Conclusions, impact of the results from these four Phase IA investigations, and

recommendations are presented in Section 6. When reading this document, please note the

following:
o Terms, acronyms, and abbreviations are defined in Appendix A.
0 The figures in this document reflect the best information about the facility
and its environs that is currently available from the listed sources.
0 Tables and figures are numbered within each section.
0 Tables and figures appear following the text for a section. Tables appear first;

some tables have multiple pages. Figures appear after the tables.

1.6 SUMMARY

This section reviewed the history of both the project and the facility, along with the
goals of Phase IA. Mobilization efforts in Phase IA were summarized, and the organization

of the rest of this report was presented. The next section describes the Phase 1A

geophysical investigation.
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TABLE 1-1
SOLID WASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADDITIONAL AREAS OF INVESTIGATION
CIBA-GEIGY FACILITY
CRANSTON, RHODE |SLAND

Number Type Study Area Active Dates Location Description

Solid Waste Managment Units (SWMUs)

1 Hazardous waste Warwick Area 1981-1986 Northing: The hazardous waste storage area was designed for a maximum
storage area 248,975 capacity storage of 768 55-gallon drums. Typically, this unit
Easting: contained 300 to 400 drums. Various wastes were stored within

524,935 this unit including: flammabie tiquids and solids, corrosive

liquid and solids, organic mixtures and solids, non-hazardous
organic mixtures and chloroform, The area was asphalt lined,
diked and surrounded by a 6 ft high chain-link fence. The storage
area was approximately 42 ft+ by 58 ft. The dike was capabie of
holding 48,000 gallons.

2 6000-gal lon Production Area 1981-1986 Northing: The 6000-gallon above ground tank was used to provide storage of

hazardous waste 249,130 process wastes containing acetone, toluene, monochlorobenzene,
storage tank Easting isopropancl, naptha, xylene, heptane, methancl and water., The
523,860 carbon steel tank was 17 ft+ high, had a diameter of 8 ft, and was
enclosed by an 8000-gallon capacity dike (14.5 ft x 19 ft x 4 ft
high).
3 7500-gallon, Production Area 1985-1986 Northing: The vertical above ground tank, which had a capacity of 7500
90-day accumulation 249,110 gallons, was used to store flammable tiquids for periods of iess
tank - Easting: than 90 days. The stainless steel tank was 17 ft+ high, had a
523,890 diameter of 8.5 tt, and was enclosed by a 25,000-gallon dike

(approximately 28 f+ x 29 f+ x 4 ft high).
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TABLE 1-1 (Continued)
SOLID WASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADDITIONAL AREAS OF INVESTIGATION
CIBA-GEIGY FACILITY
CRANSTON, RHODE 1SLAND

Number Type Study Area Active Dates Location Description
4 Trast compactor Production Area 1972-1986 Northing: The trash compactor station had two compactors of 30 and
station 249,050 55 cubic yard capacity, and only handled packaging material
Easting: paper wastes and washed fiber drums. The trash compactor area
524,010 (21 ft x 36 ft) was concrete lined and drained to the waste water

treatment plant,

5 River sediment Warwick Area 1971-1976 Northing: Approximately 6630 cubic yards of sediment dredged from the
storage area 249,020 Pawtuxet River was piled in this area, The sediment was dredged
Easting: as part of the removal of the original cofferdam/waste water
525,220 outfall. The sediment was removed from the site in 1976, The

natural grade of this area was restored in 1977,

6 Zinc oxide/soil Warwick Area Late 1960's Northing: Approximately 25 cubic yards of soil containing about 10 percent
pile to present 248,920 zinc oxide residue exists on site. The zinc oxide residue was
Easting: from an incident invoiving a broken railcar. The soil pile is
524,615 approximately 50 ft long by 7 ft wide by 2 ft high.
7 Chlorosulfonic Production Area 1961 Northing: Approximatety 500 galions of chlorosulfonic acid were spilled over
acid spill area 249,080 an area about 10 ft x 20 ft.
Easting:
523,955
8 Prussian Blue Production Area 1956 Northing: Blue-stained soil, believed to be from Prussian Blue,
spill area 248,975 resulted from a spil! of unknown quantity. About 300 cubic yards
Easting: of that soil were excavated and subsequently removed.
523,990
AM90-613T1 Page 2 of 4 87X4660
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TABLE 1-1 (Continued)
SOLID WASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADD!TIONAL AREAS OF INVESTIGATION
CIBA-GEIGY FACILITY
CRANSTON, RHODE 1SLAND

Number Type Study Area Active Dates Location Description
9 Waste water Warwick Area 12 Jan 1982 Northing: A break in the main raw waste transfer line resulted in the
pipeline break 249,010 discharge of about 24,000 gallons of waste water. The waste water
Easting: entered the surface water runoff catchment system and discharged
524,840 to the Pawtuxet River, The waste water typicaltly contained
halogenated and non-halogenated solvents and other ‘organic k
compounds routinely used in the chemical manufacturing process. k
10 Waste water Waste Water 7 Sept 1983 Northing: A break in an underground waste water line résulted in a discharge :
pipeline break Treatment Area 249,575 of about 50,000 gailons. The discharge flowed into a small on-site
Easting: pond and then diverted to the Pawtuxet River. The pH of the released *
524,955 waste water was 8.5; the chemica! oxygen demand (COD) was 1010 ppm. =&
This discharge contained acetone (31 pounds), isopropyl alcohol (45
pounds}, toluene (7 pounds), xylene (1.7 pounds), zinc (0.25 pounds),
and nitrobenzene (0.125 pounds). :
11 Toluene spill area Production Area 1983 Northing: The estimated loss of toluene associated with this SWMU is :
248,990 between 9 and 90 pounds. The loss occurred via a subsurface sump '
Easting: associated with Building 11, - _
. 523,770
12 Waste water Waste Water 1970-1983 Northing: This area formerly was occupied by the waste water treatment
treatment plant Treatment Area 249,405 plant. Biological trickling towers were used and periodic sump
Easting: . overfiows from these towers resulted in discharges to the river,
525,015 influent 1o the trickling towers rountinely contained volatile and
semi-volatite organic compounds, Additional releases from SWMU-12
in excess of the NPDES permit requirements have been reported for
zinc, BOD, and phenols. For two releases, chloroform was
discharged to the river.
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TABLE 1-1 (Continued)
SOLID WASTE MANAGEMENT UNITS, AREAS OF CONCERN AND ADDITEIONAL AREAS OF INVESTIGATION
CIBA-GEIGY FACILITY
CRANSTON, RHODE ISLAND

Number Type Study Area Active Dates Location Description

Areas of Concern AOCs:

13 Process buitding area Production Area 1930-1986 Area in which most of the production activities occurred.
14 Atlantic Tubing and Adjacent to and 1981-present This property was never used or developed by CIBA-GEIGY,
Rubber Company and west of the
property Production Area

Additional Areas of Investigation (AAQls):

15 Laboratory buitding Production Area 1961-1987 The sump functioned as part of normal operations within the
waste water sump "laboratory building. The gravity sump drained to sewer !ines
that discharged to the POTW,

16 Maintenance Warwick Area mid 19605-1986 Area in which steam cleaning of maintenance equipment occurred.
department cleaning Rinse water drained to nearby surface water catch basin.
area ’

NOTE: CIBA-GEIGY has identified the two Additional Areas of Investigation; no releases are known, but the potential for a past release existed.
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SECTION 2
GEOPHYSICAL INVESTIGATION

2.1 OVERVIEW

Geophysical investigation techniques providé relatively quick and non-invasive
preliminary reconnaissance methods for locating and evaluating physical and
chemical subsurface features where actual excavation of the ground may be
undesirable or potentially dangerous. Geophysical methods have been helpful in
deciding where to concentrate investigative cleanup efforts on sites requiring RCRA

Facility Investigations (Barinaga, 1990; Benson, et al., 1985).

This section of the Phase 1A Report describes the geophysical investigation.
Section 2.2 describes the types of geophysical surveys used and their specific
objectives. Section 2.3 discusses the methods and analyses used in each survey.
Section 2.4 presents the results of each survey. Section 2.5 discusses these results.
Section 2.6 summarizes the results of the geophysical surveys. Detailed discussions
of the analyses and results from each survey are presented in Appendix B. Computer

output of the geophysical analyses is presented in Appendix C.
2.2 INTRODUCTION AND OBJECTIVES

The geophysical investigation was conducted in accordance with the Facility

Investigation Work Plan in Volume 1 of the RFI proposal. Three geophysical survey

methods were used in this investigation -- seismic refraction, electrical resistivity, and
ground-penetrating radar. All three survey methods were used in all three study areas

at the site. The objectives of each geophysical method are described here.

CGWP5.DOC



The seismic refraction survey was conducted to provide continuous profiles
of the underlying soil and bedrock; the survey was conducted in October 1989 and
July 1990. The electrical resistivity survey was conducted along the same traverses
as the seismic refraction survey to evaluate the depth and thickness of the underlying
stratigraphic units, to detect and locate the presence of perched water tables
(anomalous aquifer properties), and to corroborate field data from the seismic
refraction survey and the drilling program. The electrical resistivity survey was
conducted in October 1989 and July 1990. The ground-penetrating radar survey was
conducted in July 1990 to identify shallow natural and man-made subsurface features,
if any, that might affect ground water flow, contaminant migration, or the choice of

shallow sampling methods.
23 METHODS AND ANALYSES

The methods and analyses used for each of the three surveys are described

here.

2.3.1 Seismic Refraction Survey

The seismic refraction survey used the following method and analyses.

Method

Seismic refraction is a reconnaissance tool used to determine the thicknesses
and depths of geologic layers and their respective soil or rock types. The method
relies on the fact that soil and rock have distinctive seismic wave velocity contrasts
between bedding layers and that seismic wave velocity generally increases with
depth. The method is most useful where soil-and rock layers are flat-lying and the

velocity contrast between layers is large, such as that between soil and bedrock. It
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is much less useful in areas where the sediment layers are interfingering or reworked
through glaciofluvial processes, where the layers are tilted or deformed, or where the

velocity decreases with depth in certain layers.

Seismic refraction data are obtained by imparting seismic source signals, or
"shots", into the ground and measuring on a seismograph the travel time of direct
and refracted compressional waves at geophones (motion sensors) spaced at regular
intervals along a line on the surface. At a certain point along the line of geophones,
the seismic wave that was partially refracted along the top of a faster layer will arrive
before the direct wave. The distance from the shot to this point is related to the
depth of the refracting layer because the travel time for the seismic wave is
proportional to the compressional wave velocity of the refracting layer. The
compressional wave velocity determined for each layer using seismic refraction can
be correlated with its material properties, such as density and hardness. In turn, the
soil or rock type is inferred from these material properties. For a more complete
description of the seismic refraction method, refer to Dobrin (1976), Telford, et al.
(1976), or Benson, et al. (1985). '

The seismic source signal can be produced by hitting a steel plate on the
ground with a sledge hammer, shooting a shotgun slug into the ground, or exploding
small pieces of dynamite in shallow holes. This survey used dynamite as a source
signal, detonated by a licensed blaster. For each shot, a zero-delay blasting cap was
pushed into a small piece of dynamite, buried to a depth of one or two feet, and
connected to a blasting box. An electrical signal from the blasting box exploded the
cap and dynamite, and simultaneously started the seismograph timer. Generally, five
shots were fired along each seismic line: one at each of the two ends of the line, one
in the middle of the line, and one between the middle and each of the two end

points.
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Each seismic line consisted of 12 Mark Products geophones generally
positioned at 20-foot intervals. Some geophones were spaced closer together or
farther apart to allow for obstructions (trees, brush, etc.). The geophones were
connected by cable to a 12-channel EG&G Nimbus Signal Enhancement

Seismograph which produced a hard-copy printout of the travel times to each

geophone.

The survey used eleven seismic refraction lines to provide a continuous profile
of subsurface geological units and the top of the underlying bedrock. The first seven
lines were completed in October 1989; the other four lines were run in July 1990.
Three seismic refraction lines were run in the Production Area, five were run in the
Warwick Area, and three were run in the Waste Water Treatment Area. Figure 2-1

shows the location of each line.

Analyses

The travel time data and time-distance plots for. each seismic line, along with
the elevations of all geophones and shots, were entered into the SIPT2 computer
program (written by the U.S. Bureau of Mines). The computer program determined
the velocity of each refracting layer using time-distance calculations and other
procedures developed by Hobson (1966). Depths and thicknesses of identified
refracting layers were derived using standard travel time analysis methods. The
methods were refined, where possible, by iterative ray-tracing techniques (Scott,
1972; Yacoub, 1970). The results were presented as cross-sections depicting the
depths of the refracting layer(s) beneath each line. Geological data from borehole
sampling were compared to the cross-sections to aid in data interpretation. (These

comparisons are discussed in Section 3.0.)
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2.3.2 Electrical Resistivity Survey
The electrical resistivity survey used the following methods and analyses.

Method

Electrical resistivity is a reconnaissance tool used to determine the thicknesses
and depths of geological layers and their respective soil or rock types. The method
relies on the fact that soil and rock have distinctive electrical resistivity contrasts
between bedding layers. The resistivity of soils and rocks depends on three factors
(Telford, et al,, 1976): 1) the amount of open space between particles (the porosity),
2) the degree of interconnection among these open spaces (the effective porosity),
and 3) the amount and conductivity of the water contained in the interconnected
spaces (the pore water content and pore water conductivity). In general, electrical
resistivity is inversely related to porosity, pore water content, and pore water
conductivity (salinity) -- resistivity decreases as these quantities increase. The
method is most useful where there is a large contrast in porosity or pore water
conductivity between layers (such as between soil and bedrock), between soils above
and below the water table, or between sands and clays. The method is much less
useful in areas with thick clay layers or in areas with layers having very high or very
low resistivity -- these types of layers can mask the lower layers. The pore water
conductivity in the soil or rock is the single most important factor determining

resistivity.

Electrical resistivity data are obtained by applying a low-frequency or DC
current between positive and negative steel electrodes hammered into the ground
along a linear transect. For this investigation, four-electrode arrays were used: one
pair for introducing the current into the ground (the "current electrodes"), and the

other pair for measuring the potential (voltage) associated with the current (the
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"potential electrodes"). The current flows through the ground from the two current
electrodes, and the resulting voltage is measured at the two potential electrodes. The
electrode spacing is directly related to the depth of current penetration. The spacing
of the electrodes along the transect is increased systematically to obtain a series of
measurements of electrical resistivity at increasing depth. For a more complete
description of the electrical resistivity method, refer to Dobrin (1976), Telford, et al.
(1976), or Benson, et al. (1985). |

The electrical resistivity survey was conducted using an ABEM Terrameter
SAS-300 transmitter/receiver with appropriate steel stakes and cabling. A modified
Schlumberger stake configuration was used (Telford, et al., 1976, p. 656-657). In this
Schlumberger method, the current electrodes are spaced much farther apart than the
potential electrodes, and the stake positions are moved out from a common center
point. The survey used ten electrical resistivity transects to provide both a
continuous profile of subsurface geological units and, when possible, the depths to
the water table and the underlying bedrock. Six transects were performed in October
1989; the other four transects were run in July 1990. Two electrical resistivity
transects were run in the Production Area, five were run in the Warwick Area, and
three were run in the Waste Water Treatment Area. Figure 2-1 shows the location
of each transect. Note that two transects (6a and 6b) in the western part of the

Warwick Area were on the same line.

Measurements were taken at up to 24 electrode spacings along each electrical
resistivity transect. The maximum spacing of current electrodes allowed by the
cabling is 480 feet, yielding a maximum depth of penetration of approximately 120
feet. However, eight electrical resistivity transects in this survey (1, 2, 4, 5, 6a, 6b,

9, and 11) were shorter than the maximum length of the cable.

CGWP5.DOC




Analyses

The field data were entered into the KECKRES computer program (Keck
Consulting Services, Inc., undated). The Keck correction (Keck, 1981) was used to
correct the apparent resistivities obtained. This correction eliminates surface effects
and accentuates deeper observations. Both the apparent resistivity and the corrected
resistivity were plotted against depth. The corrected resistivity plots were interpreted
in terms of probable soil and rock types. Geological data from borehole sampling
were compared to the resistivity results to aid in data interpretation. (These

comparisons are discussed in Section 3.0.)

2.3.3 Ground-Penetrating Radar Survey

The ground-penetrating radar survey used the following methods and

procedures.
Method

Ground-penetrating radar (GPR) is a reconnaissance tool for locating natural
and man-made subsurface features that may impede the flow of ground water, and
for avoiding objects while drilling. The method relies on the fact that soil and rock
layers (as well as other subsurface features that could affect ground water flow or
contaminant migration) reflect radar from surfaces between layers having a high
conductivity contrast. It is most useful in areas containing resistive materials (such
as dry rocks, or clean sands that have been saturated with fresh water). It is much
less useful in areas having conductive materials (such as clay or rocks with conductive
pore fluid). GPR data are obtained by irradiating the ground with wide-band,
very-high-frequency, short-duration radar pulses (on the order of nanoseconds) from

a broad bandwidth transmitting antenna placed close to, and electromagnetically
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coupled with, the ground surface. The transmitting antenna is towed along the

ground at a constant speed, and a 0.5 milliwatt signal pulse is radiated downward at

a repetition rate of 50 kilohertz (Khz). The reflected signal is picked up by a
receiving antenna. The reflected signals are amplified and processed, and
subsequently printed on a high-speed scanning graphic recorder to permit observation
and interpretation of the subsurface in real time. Travel times of the reflected pulses
can be converted to depths from which the pulses were reflected. By towing the
transmitting antenna over the traverses (lines) of a rectangular grid, the size and

orientation of the reflective subsurface features can be estimated.

This survey used a Geophysical Survey Systems SIR System 8 unit, which
produced a continuous graphical record of the subsurface along each traverse on a
high-speed graphic line scan recorder. The system was set to record reflections from
travel times corresponding to depths of 0 to 10 feet. The transmitting antenna was
towed behind a pickup truck when possible, but was pulled by hand in areas where
the vehicle would have been unable to turn around. The GPR survey used three
grids with lines running north-south and east-west. The Production Area was surveyed
in a ten-foot grid. The Warwick and Waste Water Treatment areas were surveyed
in twenty-foot grids. The grid survey work was performed by a licensed (subcontract)
surveyor. Each of the three grids was tied into the Rhode Island survey grid by at
least one point. Figures 2-2, 2-3, and 2-4 show the grids, starting points, and
directions of traversal for the GPR surveys in the Production, Warwick, and Waste

Water Treatment areas, respectively.

Analyses

The GPR data were interpreted and subsurface anomalies were identified and

plotted on a map of each study area in two dimensions (depth and width of feature)

for each transect. The third dimension (length of feature) was added by
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concatenating the two-dimensional information across transects. The GPR data were
then compared to the facility's utility plans. Reflection patterns consistent with pipes,
conduits, tanks, piles, and wells were identified, when possible, on a map of each

study area.
24 RESULTS OBTAINED

A subsurface model was produced combining information from the geological
investigation of the site (Section 3.0) and all the information available from the
seismic refraction, electrical resistivity, and GPR surveys. The results from all three
surveys are described here. Complete, detailed analyses for each of the surveys are

presented in Appendix B.

24.1 Production Area

Results of the three seismic refraction lines run in the Production Area
(Figures 2-5 through 2-7) indicate that bedrock probably lies at a depth averaging
60 feet. Two of the three seismic lines (lines 1 and 8) did not differentiate bedrock,
however. The bedrock may be overlain by a dense glacial till of varying thickness.
A thick alluvium consisting of discontinuous and interfingering sands, clays, gravels,

and silts overlies the till/bedrock.

Results of the two electrical resistivity soundings run in the Production Area
(Figures 2-8 and 2-9) generally agree with the results of the seismic refraction survey.
The data indicate that interbedded and discontinuous sands, clays, silts, and gravels
extend from the surface down to a dense glacial till of varying thickness (up to, and
in excess of 15 feet thick) that begins at depths as shallow as 30 feet and extends as
deep as 60 feet. Bedrock appears to lie at depths of 50 to 60 feet.

CGWP5.DOC
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Results of the ground-penetrating radar survey (Figure 2-10) indicate that
individual buried utilities could not be discriminated in this area. The numerous
pipe-like anomalies that were located do not match the pipe locations shown on the
utility maps. Slab-like anomalies generally agreed with foundations shown on the

utility maps.

242 Warwick Area

Results of the five seismic refraction lines run in the Warwick Area (Figures
2-11 through 2-15) indicate that bedrock lies at an average depth of 55 to 60 feet.
Bedrock may be overlain by a dense glacial till of varying thickness. Alluvium
consisting of interbedded and discontinuous sands, clays, silts, and gravels extends

from the ground surface to the till.

Results of the five electrical resistivity soundings run in the Warwick Area
(Figures 2-16 through 2-20) generally agree with the results of the seismic refraction
survey. Bedrock appears to lie at depths of about 60 feet, and is overlain by a dense
glacial till of varying thickness (up to about 30 feet thick). Interfingering and
discontinuous alluvium consisting of sands, silts, clays, and gravels extends from the

surface to the till.

Results of the ground-penetrating radar survey (Figure 2-21) indicate that
individual buried utilities could not be discriminated in this area. The pipe-like
anomalies that were located do not match the pipe locations shown on the utility
maps. Slab-like anomalies generally agreed with foundations shown on the utility

" maps.
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24.3 . Waste Water Treatment Area

. Resulis of the three seismic refraction lines run in‘ the Waste Water
Treatment Area (Figures 2-22 through 2-24) indicate that bedrock (layer 3) lies at
depths of about 45 to 60 feet. Results generally indicate that a dense glécial till of
varying thickness lies at depths ranging from about 25 to 50 feet. Alluvium overlies

the till and consists of interbedded and discontinuous sands, clays, and gravels.

Results of the three electrical resistivity soundings run in the Waste Water
Treatment Area (Figures 2-25 thfough 2-27) generally agree with the results of the
seismic refraction survey, and indicate bedrock lying at depths of about 45 to 60 feet.
Glacial till of varying thickness (10 to 30 feet thick) overlies the bedrock.
Discontinuous and interfingering alluvium consisting of sands, clayey silts, silty clays,

and gravels overlies the till.

Results of the ground-penetrating radar survey (Figure 2-28) indicatc that
individusl buried utilities could not be discriminated in this area. The pipe-like
anomalies that were located do not match the pipe locations shown on the utility
maps. Slab-like anomalies generally agreed with foundations shown on the utility

maps.
2.5 DISCUSSION

This section compares the results obtained from the seismic refraction and
electrical resistivity surveys in the Production, Warwick, and Waste Water Treatment
areas. Since the ground-penetrating radar survey only extended to a depth of 10 feet
and no correlations could be made with mapped utilities, it will not be discussed

further.
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2.5.1 Production Area

The seismic refraction and electrical resistivity data from the Produeﬁon Area
indicate the presence of glacial till of variable composmon and thlckness overlymg
bedrock. Interbedded sands, silts, gravels, and clays overlle the till with no apparent
consistent horizontal layering. The data indicate that till is encountereq at depths
of 30 to 60 feet (Figures 2-8 and 2-9), with varying thickness. Bed;ocii is
encountered below depths of 50 to 60 feet and may be weathered, jdmtéd"'é‘)}
saturated with brackish water, based on the seismic velocities and electncal
resistivities observed (see Appendix C). The dip of the till/bedrock surface (1nferred
from seismic layer 3 on Figure 2-7) is not considered realistic and is likely a funenon

of possible reflection of the shot energy at the bulkhead.

2.5.2 Warwick Area

The data indicate that the upper 30 feet of soils are interbedded laterally
discontinuous sands, silts, and clays. The electrical res1st1v1ty data 1nd1cate the
presence of till in varying thickness and composition. Weathered and ]omted
bedrock, or bedrock saturated with brackish water, is encountered at depths of about
50 to 60 feet. The dips of till/bedrock surfaccs (mferred from seismic layer 3 on
Figures 2-11 through 2-14) may not be realistic; they are more likely a fllllCthl’l of
horizontal velocity variations in the overburden along each survey hne o

The electrical resistivity data for line 10 (Figure 2-20) indicate a thick
sequence of interbedded soils to about 60 feet. The uniform resistivities below 60
feet may indicate bedrock. The seismic data (Figure 2-15) show anomalously shallow
depth to bedrock. This inconsistency may be due either to buned obstructlons or to

poor seating of the geophones along the line. The results of the electncal re31st1v1ty

survey along line 10 are preferred to those of the seismic refractlon survey.
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2.5.3 Waste Water Treatment Area

The electrical resistivity and seismic refraction data from the Waste Water
Treatrnent AArea are generally consistent with the geophysical survey data from the
other two study areas. The upper 30 feet of overburden are characterized by
mterbedded dlscontmuous sands, silts, and clays. Till is encountered between depths
of about 30 to 50 feet, with the top of bedrock ranging from about 45 to 60 feet.

Low resrstlvmes in the bedrock may indicate saturation with brackish water.

] Lmes 2W 'md 3 are roughly parallel to one another (as shown in Figure 2-1)
and are very similar in trend with lines 5 and 6 (in the Warwick Area). Line 9 is
perpendlcu]ar to lines 2 and 3 and is consistent in the upper 30 feet of overburden.
The till and top of rock along line 9 are not as clearly defined, but appear to be

present at depths similar to lines 2 and 3.
26 SUMMARY

An overview of the results of the three geophysical survey techniques was
presented here. A more detailed analysis of each survey line is presented in
Appendlx B. The sensmlc refracnon and electrical resistivity survey results in the
three study areas were of varymg usefulness for inferring the depth to bedrock and
types of overhmden present Nerther the seismic refraction survey nor the electnca}
resistivity suwey analyzed alone, permltted a confident interpretation of the depth
to bedrock along every survey line. However, used together, and in con]unctlon with
the data obtamed from the bormg logs, these survey data permitted constructing a
reasonab]e model of the site stratigraphy. Bedrock appears to vary in depth across

the srte from as httIe as 45 feet to as much as 60 feet, and may be saturated with

‘brackrsh waten hased on the low resistivities observed. The overburden, consisting

of sands c]ays sllts ;:rave]s and tlll appears to vary widely both in depth and in
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areal extent over the three study areas; lateral interfingering and pinching-out of

these deposits would not be surprising.

Perched water tables were not identified in any of the three areas, although
the normal water table was inferred along most survey lines (as discussed in
Appendix B). The inferred water table was found at depths ranging from 3 to 18 feet
over the site, which is generally consistent with water table depths (about 4 to 14

feet) reported for the piezometers and monitoring wells (as discussed in Section 4).

The ground-penetrating radar survey confirmed the mapped locations of
former foundation and slab areas; this téchniquc indicated that individual buried
utilities could not be located, possibly due to the large amount of rubble in certain
areas.

This section described the results of the geophysical investigation. The
following sectxon describes the regional, local, and site-specific geology of the site
based on a réview of available literature, reconnaissance geological mapping, and on-

site geological characterization activities.
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